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ABSTRACT

Doyle, Annie Lynn. M.S., Department of Biological Sciences,
Wright State University, 2008. Effects of Forest Fragmentation and Honeysuckle Invasion on
Forest Lepidoptera in Southwest Ohio.

Habitat loss and exotic species invasion is a rapidly growing threat facing forest animal
communities worldwide. The goal of the current study is to assess the impact of forest
fragmentation and the associated invasion of honeysuckle on immature tree-feeding Lepidoptera
communities in southwestern Ohio. Caterpillar abundance, richness, and honeysuckle density
were sampled along 100 meter transects conducted in ten forest fragments. Generalized linear
models were developed to determine the effects of fragment area, landscape forest cover, and
honeysuckle density on caterpillar abundance and richness. Caterpillar abundance and richness
was positively related to landscape forest cover and fragment area. However, these effects were
strongly dependent on honeysuckle densities within fragments. These results indicate that habitat
fragmentation and invasive species interact to influence forest Lepidoptera communities. In an
examination of the effects of honeysuckle on arthropod herbivory, honeysuckle appears to cause
associational susceptibility of tree saplings.
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Effects of Habitat Fragmentation and Honeysuckle Invasion on Forest Lepidoptera
Communities
INTRODUCTION
Habitat loss is widely regarded as the single greatest threat facing forest animal
communities worldwide (Collinge 1996). There is growing awareness of the effects of
habitat loss and fragmentation in tropical forests, but surprisingly little research has been
conducted in the eastern deciduous forests of North America despite extensive habitat
loss in this area (Norton 1996). The eastern Midwest has been historically deforested due
to clearing for agriculture, pasture land, timber harvesting and urban and suburban
sprawl. In southwestern Ohio, the most obvious consequences of forest fragmentation are
the decrease in total area of contiguous forest stands and an increase in their isolation.
Associated with these traits is an increasing proportion of edge habitat, which may enable
exotic species, such as honeysuckle (Lonicera maackii) to invade the forest fragments.
The goal of the current study is to assess the impact of forest fragmentation and the
associated invasion of honeysuckle on immature tree-feeding Lepidoptera communities
in southwestern Ohio. I briefly review the effects of Midwest deforestation including size
and isolation, edge effects, the effects on insect communities, and the invasion of
honeysuckle to provide context for the current study.
Midwest Deforestation
Habitat fragmentation is the collective result of habitat loss, isolation, and land
transformation (Collinge 1996). Habitat fragmentation sometimes occurs due to naturally

1

occurring events such as fires, glaciation, and floods that can disrupt native vegetation
and result in the isolation and reduction of populations (Collinge 1996). Although such
disruptions have occurred throughout Earth’s history, forests are now experiencing
habitat loss, isolation, and land transformation very rapidly without adequate time to
recover. Habitat fragmentation is usually not random and habitats near roads and towns
are often cleared first and tend to be isolated, older, and smaller (Laurance 1997; Fahrig
2003). Almost all parts of the world are experiencing some type of habitat loss; however,
the regions of the world that are most extensively modified by humans are the temperate
zones (Norton 1996).
The Midwest has experienced some of the most intense deforestation in the
United States. Most of the deforestation is a direct result of land development for
agriculture and grazing and some areas have lost more than 80% of their original
extensive forested habitat (Curtis 1956; Iverson 1988). Even with this great loss of North
American forests, many parts of the Midwest, including Ohio, have had a substantial
increase in the amount of forest cover as a result of agricultural abandonment in the past
89 years (Smith 1993; Brown 2003). However, most forest fragments in the eastern
United States are less than 100 acres in size (US Fish and Wildlife Service 1999) and are
either poorly protected or are managed for timber production (Norton 1996). Most of the
research on habitat fragmentation has concentrated on tropical forests because of the
scale of the problem (Offerman 1995), even though the effects of fragmentation on
species in the Midwestern United States is also a major concern. Studies in North
America are of great value because native floras and their herbivores are under constant
pressure from agriculture, timber harvesting, and urban and suburban development
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(Gering and Crist 2000). Lepidoptera can be especially affected by deforestation by
reducing habitat area and by increasing the distance to the nearest suitable fragment.
Size and Isolation
A common approach for predicting species’ numbers within a habitat fragment
relies on the theory of island biogeography. Island biogeography theory predicts that
species occurrences within fragments will be regulated by extinction and colonization
dynamics and those larger fragments will hold more species and will lose these species
more slowly than smaller fragments (MacArthur and Wilson 1967). Also, the theory
predicts that more isolated islands will have lower diversity than less isolated islands due
to dispersal-extinction equilibrium (MacArthur and Wilson 1967). The main advantage of
a large fragment is that most species will maintain a large population and will have less
of a chance of becoming locally extinct than populations in a small fragment (Shaffer
1981). However, this theory does not take into account the surrounding matrix and its
influence on dispersal probabilities and new species contributions (Holt 1993, Hanski and
Simberloff 1997). With regards to forest fragments, the surrounding matrices of
agricultural and urban areas are often less hostile to animal dispersal than are bodies of
water suggested in the theory of island biogeography (Watling and Donnelly 2006), and
forest fragments may allow for species dispersal and survival resulting in increased
immigration (Laurance 1991: Gascon et al 1999; Nupp & Swihart 2000). Area can
contribute to species richness in multiple ways. First, a decrease in forest area will
increase emigration and local extinction rates. The size of a forest fragment within an
agricultural matrix is correlated with extinction probability and emigration rates for many
species (Thomas 1998). These two factors can then be used to determine the fragment
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size below which a particular species will become extinct (Slobodkin 1961; Okubo
1984). For example, Usher and Keiller (1998) found that small remnants of forest habitat
meet the minimum area requirements of few species, indicating that individuals emigrate
from smaller forest remnants more frequently than larger remnants. Second, an increase
in forest area is more likely to encompass a variety of habitats that are capable of
supporting many different communities. Therefore, larger forest fragments encompassing
more communities should be more diverse than smaller stands that encompass only one
or a few distinct communities (Tscharntke 2002). Thus, larger forest sands encompassing
more communities should be more diverse than smaller stands that encompass only one
of a few distinct communities. Another frequent consequence of decreased area is an
increase in isolation. The conversion of continuous habitat into smaller and smaller
fragments will increase the distance between the fragments (Collinge 1996) and will
increase the migration distance for transient species. Fragments that are surrounded by
other suitable habitats can be colonized by new species which can reduce the risk of a
population going extinct (Brown and Kodric-Brown 1977). Larger forest fragments
should also consist of more interior area rather than edge habitat and should therefore
support more forest-dependent species.
Edge Effects
A major consequence of fragmentation is the increase in edge habitat which can
lead to an increase in invasive species and a decrease in species abundance and diversity.
Edges are the zones where two habitat types meet (Tscharntke 2002), for example, where
a forest meets a field, a road, or any other habitat other than continuous forest. These
habitats are often characterized by increased temperatures and wind speeds (Harris 1984).
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An increase in windshear forces can cause higher levels of tree mortality which can
disrupt the composition of the forest interior (Laurance 2008). Dense forest fragments
could be at greater risk to these edge effects due to the dramatic difference between the
humid interior and the dry edge (Harper et al. 2005). Because population size for forest
interior species should be positively correlated with the amount of unaltered core
fragment area (Temple 1986; Ewers & Didham 2007), forests that have low amounts of
edge habitat, and their effects, should have larger population sizes than those forests with
large amounts of edges. Shape is a factor that can determine the amount of edge a
fragment contains. Fragments with more complex shapes have a larger perimeter to area
ratio and thus have an increased amount of edges (Laurance and Yensen 1991). Thus,
fragments that are more circular in shape will have a smaller perimeter and more interior
area and therefore proportionately less edges. Shape can also play a role in the
development of habitat corridors. Long and thin fragments are comprised of more edges
and have less interior area and can therefore be inhabitated by mostly edge species
creating a corridor like habitat instead of an interior forest habitat (Laurance and Yensen
1991). Surrounding areas that are dramatically different than the forest fragment in
microclimate are usually more hostile to native species (Laurance & Bierregaard 1997;
Sodhi 2005); therefore forest fragments that are surrounded by second growth forests
instead of agricultural matrices usually have more diverse populations and less exotic
species (Didham & Lawton 1999). Brothers and Spingarn (1992) found that old growth
forest remnants in central Indiana exhibited significant increases in temperatures and
light levels along with a significant decrease in humidity along the forests’ edge. These
differences in conditions can result in the reduced survival of species that typically live
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within the interior of the original habitat (Tscharntke 2002). Many species will avoid
edge habitat and this reduces competition for resources and invasive species can then
easily invade the habitat (Tscharntke 2002). Also, habitat fragmentation creates different
environmental conditions along the edges which often reduce the survival rates of species
that are typical of the original habitat and thus allows for opportunistic species to easily
invade edge habitats (Tscharntke 2002). For example in Banff National Park, Hansen and
Clevenger (2005) found that corridor edges are favorable microhabitats for the invasion
of dandelion (Taraxacum officinale) and other non-native species. Insect communities,
especially those insects that occupy higher trophic levels can be sensitive to
environmental changes in their habitats, and can therefore be strongly affected by edge
effects (Kerr 2000).
Effects of Fragmentation on Insect Communities
Insects are by far the most diverse group of macro-organisms in terrestrial
environments and are a critical component of the forest ecosystem (Stork 1988). Not only
are insects a critical component of these ecosystems, but forests support a great diversity
of insect species, many or most of which are highly dependent on these habitats
(Schowalter 1986). Despite these critical relationships between insects and forests, most
studies of forest fragmentation have emphasized the effects of forest fragmentation on
vertebrates and higher plants (Warburton 1997), with few studies focusing on the diverse
communities of forest insects.
The effects of forest fragmentation on any group of organisms can be difficult to
determine because a large number of variables may influence the abundance and diversity
of insect communities. These variables include habitat area, isolation, floristic
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heterogeneity, and matrix structure (Holt 1993, Weins 1994, Collinge 1996, and Gibbs
and Stanton 2001). Many insect species have been found to respond to habitat size and
their corresponding edges (Magura 2002). For example, Valladeres (2006) found that
insects, particularly leaf-mining larvae and parasitoids, tend to stay towards the interior of
the fragment and will avoid the edges. Valladeres (2006) also found that herbivory was
significantly higher at the interior core of forests than at the edges and that herbivory by
insects significantly decreased as fragments became smaller. Insects are so obviously
tied into their habitat that they should be of interest for understanding the larger effects of
forest fragmentation (New 1999).
The fate of insect populations, particularly phytophagous species, is directly tied
to their food source and because of the tight relationship between insects and their hostplants, insects can be reliable indicators of vegetation diversity. Host-plant specific
insects are predicted to be more susceptible to extinction than generalists insects (With
and Crist 1995). If an insect population is host-plant specific and the host-plant is lost
from a particular fragment, the insect is expected to become extinct within that fragment.
Even if a small population of host plants persists in a fragment, the population of insects
dependent on this plant will have a high likelihood of extinction due to stochastic factors.
One way to assess habitat quality for specialist insects is to look at the composition and
diversity of plants residing within the fragment (Fleishman 2002). It has been found that
changes in insect community composition and diversity are correlated with changes in
plant diversity within forests (Southwood 1979; Summerville and Crist 2002).
Lepidoptera are one of the most speciose yet taxonomically tractable groups of
insects and have essential functional roles within the forests as herbivores, pollinators,
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and prey (Holmes 1979; Schowalter 1986). Lepidoptera can also function as surrogates
for the diversity of other insects including Hymenoptera (Kerr 2000). Immature
Lepidoptera serve as hosts for the higher trophic level of parasitic and predaceous
Hymenoptera (wasps) and can be used to infer changes in Hymenopteran diversity based
on which Lepidoptera are present within a forest fragment. Therefore, variation in
Lepidoptera densities and distributions can be indicative of broader patterns of
biodiversity (Kremen et al. 1993; Noss 1999). In one of the few analyses addressing
forest fragmentation on insect communities, Summerville and Crist (2004) found positive
effects of forest stand size and amount of forest in the greater landscape on adult moth
diversity in one ecoregion, yet neither factor explained significant variation in moth
diversity in another. In general, their sampling was heavily influenced by herbaceous
plant feeding edge and matrix species. Summerville et al (2003, 2004) also found that
larger patches of forest will support a greater number of adult moth species and that two
times as many species of woody plant feeders were found in larger forest fragments when
compared to smaller fragments. This and most other analyses addressing the effect of
habitat fragmentation of insect populations have focused mainly on adult moths, which
can be transient and might not be an accurate indicator of the effects of forest
fragmentation. Immature stages are significant components of the canopy arthropod
community and comprise the largest population of herbivores of the canopy foliage
(Schowalter 1986). Focusing on immature stages may provide a more accurate
perspective of the impacts of fragmentation on Lepidoptera populations because they
provide an indication of where reproduction and development are occurring. Immature
herbivores should also represent a measure of the quality of the vegetation within the

8

forest fragment (Kitching 2000). Because insect communities are strongly linked to their
food source, populations can be severely affected by the invasion of exotic plant species.
Exotic Species Invasion
Invasion by non-native species is a rapidly growing environmental threat
(Vitousek 1996). Invasive species are often capable of modifying the structure and
function of their community (Bazzaz 1986). Invasions in a forested habitat are most
likely to occur in areas that have been heavily disturbed by human interaction and
activities, mostly due to the increased edge habitat that is created when forest
fragmentation occurs. Exotic species are able to utilize the altered condition and thus take
advantage of the fragmented area (Pauchard and Alaback 2004). Humans are largely
responsible for the introduction of exotic species and we further increase the
susceptibility of forests through our activities such as partial clearing for agriculture and
timber harvesting (Hobbs 2000). Several studies have also shown that roads are
facilitating the invasion of exotic plant species by acting as corridors (Tyser & Worley
1992; Watkins et al. 2003). When non-native species such as local dandelion (Taraxacum
officinale) and multiflora rose (Rosa multiflora) are introduced and invade forest
fragments, they are often far more prevalent in the edge habitat rather than the interior
(Brothers and Spingarn 1992). Thus as fragment sizes decline, a larger and larger
proportion of the habitat may be dominated by invasive species.
Local Honeysuckle Invasion
In Southwestern Ohio, one apparent consequence of habitat fragmentation and
increased edges is the invasion of Amur honeysuckle, Lonicera maackii (Caprifoliaceae).
Honeysuckle was introduced to the United States from northeast Asia in 1898 as an
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ornamental shrub (Luken and Thieret 1996) and has since become naturalized in at least
26 states in the eastern United States (Trisel 1997, USDA Plant Database 2008). It is an
upright shrub capable of growing in many different habitats (Bartuszevige 2006).
Honeysuckle invasion is more extensive in Ohio regions where the forest fragments are
disturbed and more connected to one another than in isolated forest fragments
(Hutchinson and Vankat 1997, 1998). Also, forest fragments with more native woody
species tend to have lower honeysuckle density (Bartuszevige 2006). Invasion of
Lonicera reduces survival and fecundity of native herbs and forest perennials (Gould and
Gorchov 2000; Hartman and McCarthy 2008) and may inhibit germination and growth of
tree seedlings (Gorchov and Trisel 2003). Hartman and McCarthy (2008) found that
honeysuckle can disrupt competitive relationships in the understory of fragmented
forests. Despite all the research that has been conducted on the invasion of honeysuckle,
there has been no investigation of the effects of honeysuckle on insect communities. Most
researchers have strictly looked at the effects of the invasive shrub on other plants, which
can be inferred to influence their associated insect communities. Collier et al. (2002)
concluded that species richness of native herb and tree seedlings was lower under the
crowns of Lonicera maackii. Reduced populations of caterpillar host-plants due to
honeysuckle invasion could lead to a decreased abundance and diversity of caterpillars in
a given forest fragment. However, removal of honeysuckle has been shown to increase
survival of tree seedlings (Gorchov and Trisel 2003). The survival of tree seedlings
would lead to an increase of host-plants for caterpillars, thus increasing caterpillar
abundance and diversity within forest fragments.
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OBJECTIVES
In this study, I assess the impact of forest fragmentation and the associated
invasion of Amur honeysuckle on immature tree-feeding Lepidoptera communities in
southwestern Ohio. This study provides an overall examination of the impacts of habitat
fragmentation on Lepidoptera communities and provides information on the relationship
between forest area and caterpillar diversity.
HYPOTHESES
Hypotheses 1 & 2
First, as the total area of forest habitat decreases and second the degree of
isolation increases caterpillar diversity and abundance will decrease. A larger forested
habitat is more likely to contain a variety of habitats that can support both caterpillar
diversity and host-plant diversity. A decrease in habitat area will in turn decrease the
variety of habitats, thus supporting a lower diversity of caterpillars. Also, smaller
fragments can support smaller populations increasing extinction risk.
Hypotheses 3& 4
Third, as the fraction of total area in the edge habitat increases, and edge effects
such as increased light and windshear occur, there will be a negative effect on caterpillar
richness and abundance. Fourth, as overall forest stand area decreases, the amount of
edge area will increase, thus leading to favorable conditions for exotic species. Exotic
species, like honeysuckle, can easily invade edge habitats in forest fragments due to
greater light availability and high propagule pressure. Therefore, with increase edge
habitat, there will be increased honeysuckle densities. Once established in a habitat,
honeysuckle can out-compete native host-plants, thus decreasing caterpillar abundance.
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Most caterpillars, which tend to be relatively host-specific, do not usually feed upon
honeysuckle and this will therefore decrease caterpillar diversity within the forest
fragment. Also, as the amount of edge increases there will be less favorable conditions,
increased temperatures and higher wind speeds, in fragments leading to a possible
decrease in caterpillar abundance and diversity.

METHODS
Field Sites
The Stireman lab has identified and obtained permission to sample caterpillars in
many forest fragments varying in size from about three to 800 hectares. From this set, I
chose ten fragments of varying size in which to survey caterpillars and honeysuckle
(Table 1). Most of the fragments chosen were located within an agricultural matrix, had
trees of varying size including some large mature trees, and were dispersed throughout
southwestern Ohio. Other criteria for the fragments were that straight line 100 meter
transects were able to be laid out and that the fragments were accessible during the field
season. The size of each fragment was measured using Google Earth and Image J 1.41
(Rasband 2008). Each fragment was located using Google Earth and the image copied
and analyzed in the graphics program Image J. Each fragment was outlined by hand in
order to calculate the area of each fragment. The surrounding forested area for each
fragment was also measured using Google Earth and Image J. The same picture used to
measure fragment area was entered into Image J and a 2km radius was drawn around the
fragment. Any forested habitat within that 2km radius was outlined and measured and
then referred to as the landscape forest cover. A 2km radius was chosen to represent
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landscape forest cover because it was large enough to encompass adjacent forested area
but not overlap with any of the ten sites.

Table 1: Sites in which caterpillar and honeysuckle transects were conducted. The
size and ownership of each site is also listed
Fragment
Fife Woodlot
Breeze Woodlot
Glen Thompson Reserve
Thompson Woodlot
Collett Woods
Wright State University
Huffman MetroPark
Sycamore State Park
Germantown MetroPark
Glen Helen/John Bryan

Size (km2)
0.081
0.126
0.230
0.328
0.714
0.735
1.880
1.939
4.618
7.209

Ownership
Privately Owned
Privately Owned
County Park
Privately Owned
Preserve
Preserve
MetroPark
State Park
MetroPark
Preserve

Caterpillar Transects
Caterpillars were surveyed in ten forest fragments (Table 1). Within each forest
fragment, four 100 meter transects were conducted roughly perpendicular to fragment
edges, in line with a cardinal direction (N, S, E, W). The transects started from the edge,
which I identified as the first main row of trees greater than two meters in height, so the
effects of edges on caterpillar communities could be estimated. Starting points of
transects were determined at the time of the survey by assessing where a 100 meter
transect could be laid out in a straight line without any barriers (streams or cliffs). GPS
coordinates were recorded at the starting point of each transect. Surveying was repeated
in April-June and August-September 2007, corresponding to the two major peaks in
caterpillar abundance (Thomas and Thomas 1994). Surveying did not begin until focal
tree species had leafed out in the sapling layer. Surveying was also repeated in April-June
in 2008 due to a late frost in spring of 2007 which dramatically reduced caterpillar
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densities. Sites were sampled systematically with two transects at each site until all sites
had four transects per season. The transects followed an approximate straight line
providing a representation of the floral composition of the fragment from edge to interior.
Surveying was conducted by walking along the 100 meter transect and searching the
lower foliage of a focal set of genera within one meter of the transect line. Focal trees
included members of the following genera: maples (Acer), buckeye (Aesculus), paw paw
(Asimina), hickory (Carya), hackberry (Celtis), redbud (Cercis), beech (Fagus), ashes
(Fraxinus), spice bush (Lindera), cherries (Prunus), oaks (Quercus), black locust
(Robinia), and elms (Ulmus), and were chosen as representatives due to their high
abundance in southwest Ohio forests. Foliage, twigs, and trunks were examined from the
ground level up to around 2m (as high as can be effectively searched). For each tree, the
number of leaves searched was estimated in order to quantify the search effort. A total of
ten leaves of each species of tree were digitally scanned to quantify and standardize the
leaf area searched. The scanned images were then measured using Image J and averaged.
These measurements were then multiplied by the total number of leaves searched on each
tree in order to determine the total leaf area searched. Transect distance, tree species,
number of caterpillars found, and any unusual features about the caterpillar were
recorded in the field, along with weather conditions and other notable features of the area
(water, roads, etc.). All caterpillars were collected and reared individually in the
laboratory under temperatures and day length mimicking conditions in the field.
Lepidoptera were identified using Wagner (2005) and Covell (2005) although many
individuals were identified only to morphospecies. Adult Lepidoptera were spread and
labeled after eclosing. Caterpillars per leaf area and species per leaf area were calculated
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by taking the total number of caterpillars and species per meter and dividing that number
by the standardized leaf area. The values were then averaged over all transects per
fragment. Spring values from 2007 and 2008 were combined due to small sample sizes
in spring 2007. All references to spring are for the combined data unless otherwise noted.
Honeysuckle Transects
Honeysuckle density was measured in order to quantify the effects of honeysuckle
on Lepidopteran diversity. Eight 100 meter transects were conducted along the same
transects laid out during the caterpillar transects, but were only conducted during the
spring and summer 2007 field seasons. A presence-absence method was used to
determine the amount of honeysuckle along each 100 meter transect. At each meter along
the transect, the area up to two meters on either side was examined for the presence of
honeysuckle. If honeysuckle was present, the total number of shrubs at that point was
counted and recorded along with the estimated height of each shrub (Table 2). If
honeysuckle was absent, “no” was placed at that point and the transect continued.
Honeysuckle density was then averaged across all eight transects per site.
Table 2: Reference of heights for honeysuckle shrubs
Reference
Knee height
Waist height
Head height

Height
0.5m
1m
2m
Analyses

General linear models were developed in R 2.3.1 using the R graphical interface
commander (Fox 2008) separately for the two field seasons of spring (combined 20072008) and summer (2007). Initial models of standardized caterpillar abundance and
species richness were comprised of the following independent variables: fragment area,
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honeysuckle density, landscape forest cover and interactions between the variables.
Circularity and the perimeter of the fragments were not included. All variables were
placed into the models and then the variables that had a p-value greater than 1.0 were
excluded until only significant or marginally significant interactions remained. Alpha
diversity and gamma diversity were analyzed for the spring and summer field seasons to
compare the diversity of caterpillars along individual transects and the fragment. Each
species found along the transects were averaged over all transects for each individual
fragment to give alpha diversity. Gamma diversity was calculated by adding the total
number of species found along all transects for each individual fragment.
In order to determine the effects of edges on standardized caterpillar abundance
and species richness and honeysuckle density, the transects were condensed into five
meter sections (i.e. 0-4, 5-9,…95-100). Each section for standardized caterpillar
abundance, standardized species richness, and honeysuckle density was then analyzed in
R commander using a linear regression per fragment. The values per fragment were then
averaged to give one value per transect section for the entire season. Caterpillar
abundance, species richness, and honeysuckle densities were averaged over forty
transects per season and were analyzed using a linear regression. This analysis was
conducted for both the spring and summer field seasons. Also, the number of caterpillar
species found in the first twenty meters of transects were compared with the caterpillar
species found in the last twenty meters to determine if there was a difference in species
composition between the edge and interior of the fragments.
ANOVAs were used to determine whether specific tree species differed
significantly in the richness and abundance of caterpillar species in each season. The
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dependent variables used in the ANOVA were standardized caterpillar abundance and
species richness and the independent factors were tree species. Tree richness per
fragment was estimated using the program PAST (Ryan et al. 1995). The relationship
between tree richness and fragment area was analyzed using a linear regression as was
the relationship between tree richness and honeysuckle density. Standardized caterpillar
abundance and species richness were compared among tree species and tree richness
using a linear regression. Tree abundance and honeysuckle density was compared using a
linear regression.
For each field season, a community matrix was developed in PAST (Ryan et al.
1995) in order to compare similarities between the fragments. Only species that contained
more than five individuals were included in the analysis. Non-metric MDS was
conducted on the matrices and were graphically interpreted using the Bray-Curtis
similarity measurement.
RESULTS
Caterpillar Abundance and Species Richness Models
Spring caterpillar abundance was significantly affected by fragment area,
honeysuckle density, landscape forest cover and the interaction between honeysuckle
density and landscape forest cover (Table 3). Caterpillar abundance was not significantly
affected by the interaction between fragment area and honeysuckle density (Table 3).
Fragments with high honeysuckle densities that were small had more caterpillar
individuals though not significant. Spring caterpillar abundance increased with
honeysuckle density, but only in fragments that were less than 0.725km2 (Appendix 1a).
Fragments in more forested landscapes with low honeysuckle densities had more
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individuals. Abundances also increased with landscape forest cover if honeysuckle
densities were lower than 4 shrubs per meter (Figure 1).
Spring species richness was significantly affected by fragment area, honeysuckle
density, landscape forest cover, the interaction between fragment area and honeysuckle
density and the interaction between honeysuckle density and landscape forest cover
(Table 3). Large fragments with low honeysuckle densities had more species than those
fragments with high honeysuckle densities. Spring caterpillar species richness was
positively related to fragment area (Appendix 1b). Spring caterpillar species richness
varied with landscape forest cover; however honeysuckle densities determined the sign of
the relationship (Figure 2). If the fragment contained more than four shrubs per meter,
caterpillar species richness was negatively correlated with landscape forest cover.
Summer caterpillar abundance was significantly affected by fragment area,
honeysuckle density, landscape forest cover, the interaction between fragment area and
landscape forest cover, and the interaction between honeysuckle density and landscape
forest cover (Table 3). Fragments not surrounded by forested landscapes had more
caterpillar individuals. If the landscape forest cover was less than 3.0km2 then caterpillar
abundance during the summer season increased with fragment area (Figure 3). Summer
caterpillar abundance also increased with landscape forest cover in areas of low
honeysuckle density (Appendix 1c).
Summer species richness was significantly affected by fragment area, landscape
forest cover, the interaction between fragment area and landscape forest cover and the
interaction between honeysuckle density and landscape forest cover (Table 3). Larger
fragments had more caterpillar species than smaller fragments in the summer field
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season. Species richness was not significantly affected by honeysuckle density (Table 3).
When landscape forest cover was small, caterpillar species richness and fragment area
were positively correlated in the summer field season (Figure 4). Caterpillar species
richness increased with landscape forest cover in the summer season only if honeysuckle
density was low (Appendix 1d).
Alpha diversity and gamma diversity was analyzed for the spring and summer
field seasons by examining the ratio of alpha and gamma diversity. In the spring field
seasons, the ratio of alpha to gamma diversity was generally low and highly variable
(Table 4). In the summer field season, the five largest fragments had the highest ratio of
alpha to gamma diversity, however there is no clear pattern (Table 5).

19

Table 3: t-values and p-values for the regression of standardized caterpillar
abundance and species richness in spring and summer.

Spring
Spring
Spring
Spring

Abundance/
Richness
Abundance
Abundance
Abundance
Abundance

Spring

Abundance

Spring
Spring
Spring
Spring

Richness
Richness
Richness
Richness

Spring

Richness

Summer
Summer
Summer
Summer

Abundance
Abundance
Abundance
Abundance

Summer

Abundance

Summer
Summer
Summer
Summer

Richness
Richness
Richness
Richness

Summer

Richness

Season

Factor

t-value

Pr(>|t|)

Fragment Area
2.992
Average Honeysuckle Density
3.976
Landscape Forest Cover
4.075
Fragment Area: Average Honeysuckle Density -2.325
Average Honeysuckle Density:
-3.723
Landscape Forest Cover

0.0402
0.0165
0.0151
0.0807

Fragment Area
4.413
Average Honeysuckle Density
4.460
Landscape Forest Cover
4.136
Fragment Area: Average Honeysuckle Density -3.904
Average Honeysuckle Density:
-3.889
Landscape Forest Cover

0.0116
0.0112
0.0144
0.0175

Fragment Area
Average Honeysuckle Density
Landscape Forest Cover
Fragment Area: Landscape Forest Cover
Average Honeysuckle Density: Landscape
Forest Cover

6.397
-3.149
-4.200
-6.170

0.0030
0.0345
0.0136
0.0035

4.758

0.0089

Fragment Area
Average Honeysuckle Density
Landscape Forest Cover
Fragment Area: Landscape Forest Cover
Average Honeysuckle Density:
Landscape Forest Cover

4.452
-2.412
-2.762
-4.263

0.0112
0.0734
0.0507
0.0130

4.758

0.0089
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0.0204

0.0177

Figure 1: The relationship between Spring caterpillar abundance and landscape
forest cover, for fragments with high (>4 shrubs per meter on average) and low (<4
shrubs per meter on average) honeysuckle density. Each point represents the
summed abundance over all transects (2007 and 2008) for a particular forest
fragment, standardized by leaf area.
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Figure 2: The relationship between Spring caterpillar species richness and
landscape forest cover, for fragments with high (>4 shrubs per meter on average)
and low (<4 shrubs per meter on average) honeysuckle density. Each point
represents the summed richness over all transects (2007 and 2008) for a particular
forest fragment, standardized by leaf area.

22

Figure 3: The relationship between Summer caterpillar abundance and fragment
area, for fragments that surrounded by small (<3km2) and large (>3km2) landscape
forest cover. Each point represents the summed abundance over all transects (2007)
for a particular forest fragment, standardized by leaf area.
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Figure 4: The relationship between Summer caterpillar species richness and
fragment area, for fragments surrounded by small (<3km2) and large (>3km2)
landscape forest cover. Each point represents the summed richness over all
transects (2007) for a particular forest fragment, standardized by leaf area.
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Table 4: Comparison of α- and γ-diversity during the spring field seasons.
Fragments are listed by increasing fragment area.
Site

α-diversity

γ-diversity

Fife Woodlot
Breeze Woodlot
Glen Thompson Reserve
Thompson Woodlot
Collett Woods
Wright State University
Huffman MetroPark
Sycamore State Park
Germantown MetroPark
Glen Helen/John Bryan

0.75
1.13
1.75
1.86
0.50
2.63
2.88
1.25
3.13
1.88

6
6
13
12
4
16
20
7
19
16

Ratios of α- and
γ-diversity
0.13
0.19
0.13
0.16
0.13
0.16
0.14
0.18
0.16
0.12

Fragment Area
(Km2)
0.081
0.126
0.230
0.328
0.714
0.735
1.880
1.939
4.618
7.209

Table 5: Comparison of α- and γ-diversity during the summer field season.
Fragments are listed by increasing fragment area.
Site

α-diversity

γ-diversity

Fife Woodlot
Breeze Woodlot
Glen Thompson Reserve
Thompson Woodlot
Collett Woods
Wright State University
Huffman MetroPark
Sycamore State Park
Germantown MetroPark
Glen Helen/John Bryan

0.00
0.00
2.50
3.50
3.00
2.00
4.75
6.00
7.50
7.50

0
0
10
14
12
6
16
13
22
25

Ratios of α- and
γ-diversity
0.00
0.00
0.25
0.25
0.23
0.33
0.30
0.46
0.34
0.30

Fragment Area
(Km2)
0.081
0.126
0.230
0.328
0.714
0.735
1.880
1.939
4.618
7.209

Edge Effects on Caterpillar Abundance and Richness and Honeysuckle Density
Edge effects were measured on standardized caterpillar abundance, standardized
species richness, and honeysuckle density for each season surveyed. Transects were
divided into five meter sections per fragment. No significant effects of edges on
standardized caterpillar abundance, standardized species richness, and honeysuckle
density were identified (Tables 6-7, Figures 5&6). After the transects were divided into
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five meter sections, the standardized values of caterpillar abundance and species richness
and honeysuckle density were averaged to give one value per transect section for the
entire season. This analysis revealed no significant relationship of distance from the
fragment edge and standardized caterpillar abundance, species richness, or honeysuckle
density (Tables 6-7, Figures 5&6). Caterpillars found along the edge and in the interior
were compared to determine a difference in species composition (Tables 8 & 9). The
caterpillar species found throughout the fragments were highly variable. However, the
edge habitat and interior habitat did not appear to contain the same species along many of
the transects.
Table 6: p-values for the regression of edge effects on caterpillar abundance and
species richness for both the condensed transect values and the averaged transect
values
Year/Season

Caterpillars/Species

07/Spring
07/Spring
07/Summer
07/Summer
08/Spring
08/Spring

Caterpillar Abundance
Species Richness
Caterpillar Abundance
Species Richness
Caterpillar Abundance
Species Richness

Condensed Transect
p-values
0.591
0.284
0.189
0.174
0.292
0.423

Averaged p-values
0.531
0.147
0.654
0.676
0.243
0.365

Table 7: p-values for the regression of edge effects and honeysuckle densities for
both the condensed transect values and the averaged transect values
Season
Spring
Summer

Condensed Transect
p-values
0.450
0.868

Averaged p-values
0.142
0.708
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Figure 5: The relationship between Spring caterpillar abundance and edge. Each
point represents the average abundance over all transects (2007), standardized by
leaf area. Error bars represent standard error.
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Figure 6: The relationship between honeysuckle density and edge. Each point
represents the average honeysuckle density over all transects during the Spring
2007 field season. Error bars represent standard error.
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Table 8: The number of species found along the edge (0-20m), the number of species
found in the interior of the fragment (80-100m), and the number of species shared
between the edge and interior during the spring field season.
Site
Breeze
Collett Woods
Fife
Germantown MetroPark
Glen Helen/John Bryan
Glen Thompson Reserve
Huffman MetroPark
Sycamore State Park
Thompson
Wright State University

Edge Species
2
1
2
9
3
4
8
3
5
8

Interior Species
3
1
1
4
2
3
5
0
3
8

Shard Species
1
0
1
1
0
1
1
0
0
4

Table 9: The number of species found along the edge (0-20m), the number of species
found in the interior of the fragment (80-100m), and the number of species shared
between the edge and interior during the summer field season
Site
Breeze
Collett Woods
Fife
Germantown MetroPark
Glen Helen/John Bryan
Glen Thompson Reserve
Huffman MetroPark
Sycamore State Park
Thompson
Wright State University

Edge Species
0
3
0
10
11
1
8
8
3
4

Interior Species
0
4
0
4
5
1
3
4
5
3

Shared Species
0
0
0
0
1
0
0
1
1
2

Caterpillar Abundance and Species Richness on Host Plants
Host plant species explained a significant amount of variance in caterpillar
species richness among trees, although not for caterpillar abundance (Table 10).
Standardized caterpillar abundance and species richness varied widely among host trees.
Fraxinus americana was found to support more caterpillars than any other tree species
surveyed during the spring field season (Figure 7). Both Carya ovata and Fraxinus
americana supported significantly more caterpillar species than the other tree species
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during the spring season (Figure 8). For the summer field season, Acer negundo
supported more caterpillars than other tree species (Figure 9). However, this was because
Acer negundo was a host plant for Hyphantria cunea, a gregarious species of caterpillar.
For summer caterpillar species richness, no one host plant significantly supported more
species than another (Figure 10).
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Figure 7: The relationship between Spring caterpillar abundance and host plant.
Caterpillar abundance standardized by leaf area across all transects during 2007
and 2008. Error bars represent standard error.
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Figure 8: The relationship between Spring caterpillar species richness and host
plant. Caterpillar species richness standardized by leaf area across all transects
during 2007 and 2008. Error bars represent standard error.
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Figure 9: The relationship between Summer caterpillar abundance and host plant.
Caterpillar abundance standardized by leaf area across all transects during 2007.
Error bars represent standard error.
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Figure 10: The relationship between Summer caterpillar species richness and host
plant. Caterpillar species richness standardized by leaf area across all transects
during 2007. Error bars represent standard error.
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Table 10: ANOVA table to explain standardized caterpillar abundance and species
richness variance on host plant species

Spring
Spring
Spring

Abundance
/Richness
Abundance
Abundance
Abundance

Source of
Variation
Among Groups
Within Groups
Total

Spring
Spring
Spring

Richness
Richness
Richness

Summer
Summer
Summer

Season

df

SS

MS

F

p-Value

10
70
80

7004.434
33066.685
40071.031

700.434
472.381

1.482

0.164

Among Groups 10
Within Groups 70
Total
80

1518.516
5541.445
7059.961

151.851
79.163

1.918

0.056

Abundance
Abundance
Abundance

Among Groups 9
Within Groups 59
Total
68

102503.429
706200.172
808703.602

11389.269
11969.494

0.951

0.488

Summer
Summer
Summer

Richness
Richness
Richness

Among Groups 9
Within Groups 59
Total
68

1381.855
4219.861
5601.717

153.539
71.523

2.146

0.039

Combined
Combined
Combined

Abundance
Abundance
Abundance

Among Groups 12
Within Groups 82
Total
94

102554.401
744028.822
846583.223

8546.200
9073.522

0.941

0.510

Combined
Combined
Combined

Richness
Richness
Richness

Among Groups 12
Within Groups 82
Total
94

5899.5920
13001.657
18901.249

491.632
158.556

3.100

0.001

Tree Richness
In the spring season there was no significant relationships between the
standardized caterpillar abundance or species richness and tree richness, however both
relationships were positive (Table 11, Figures 11 & 12). Fragment area did significantly
affect tree richness (Table 11, Figure 13). Standardized species richness was significantly
affected by tree richness during the summer season; however caterpillar abundance was
close to significance (Table 11, Figures 16 & 17). Tree richness increased with fragment
area significantly during the summer and when the field seasons were combined (Table
11, Figures 18 & 23). When the spring and summer seasons were combined, there was
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not a significant effect of trees richness on standardized caterpillar abundance or richness;
however both relationships were positive (Table 11, Figures 21 & 22). Tree richness was
not significantly affected by honeysuckle densities within the fragments in any of the
field seasons (Table 11, Figures 14, 19, & 24). Tree abundance was not significantly
affected by honeysuckle densities within the fragments in any of the field seasons;
however the relationship did appear to be negative (Table 11, Figures 15, 20 & 25)
Table 11: Linear regression values for the effects of tree richness on standardized
caterpillar abundance and species richness, the effects of fragment area on tree
richness, and the effects of honeysuckle densities on tree richness and tree
abundance during the spring, summer, and combined spring and summer field
season.
Season

Explanatory
Variable

Spring

Tree Richness

Spring
Spring

Tree Richness
Fragment Area
Honeysuckle
Density
Honeysuckle
Density

Spring
Spring

Summer

Tree Richness

Summer
Summer

Tree Richness
Fragment Area
Honeysuckle
Density
Honeysuckle
Density

Summer
Summer

Combined

Tree Richness

Combined
Combined

Tree Richness
Fragment Area
Honeysuckle
Density
Honeysuckle
Density

Combined
Combined

Response
Variable
Caterpillar
Abundance
Species Richness
Tree Richness

Adjusted R2

F-Value

p-Value

0.1209

2.237

0.173

0.1332
0.3121

2.383
5.084

0.161
0.054

Tree Richness

-0.0294

0.742

0.414

Tree Abundance

0.0268

1.248

0.296

0.3130

5.100

0.054

0.3513
0.3997

5.873
6.992

0.042
0.029

Tree Richness

-0.0088

0.921

0.365

Tree Abundance

-0.0738

0.381

0.554

0.2149

3.463

0.099

0.2659
0.4086

4.259
7.217

0.073
0.027

Tree Richness

-0.0680

0.426

0.532

Tree Abundance

-0.0177

0.843

0.385

Caterpillar
Abundance
Species Richness
Tree Richness

Caterpillar
Abundance
Species Richness
Tree Richness
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Figure 11: The relationship between Spring caterpillar abundance and tree
richness. Each point represents the summed abundance over all transects (2007 and
2008) for a particular forest fragment, standardized by leaf area.
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Figure 12: The relationship between Spring caterpillar species richness and tree
richness. Each point represents the summed richness over all transects (2007 and
2008) for a particular forest fragment, standardized by leaf area.
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Figure 13: The relationship between Spring tree richness and fragment area. Each
point represents the summed richness over all transects (2007 and 2008) for a
particular forest fragment.
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Figure 14: The relationship between Spring tree richness and honeysuckle density.
Each point represents the summed richness over all transects (2007 and 2008) for a
particular forest fragment.
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Figure 15: The relationship between Spring tree abundance and honeysuckle
density. Each point represents the summed abundance over all transects (2007 and
2008) for a particular forest fragment.
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Figure 16: The relationship between Summer caterpillar abundance and tree
richness. Each point represents the summed abundance over all transects (2007) for
a particular forest fragment, standardized by leaf area.
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Figure 17: The relationship between Summer caterpillar species richness and tree
richness. Each point represents the summed species richness over all transects
(2007) for a particular forest fragment, standardized by leaf area.
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Figure 18: The relationship between Summer tree richness and fragment area. Each
point represents the summed richness over all transects (2007) for a particular
forest fragment.
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Figure 19: The relationship between Summer tree richness and honeysuckle density.
Each point represents the summed richness over all transects (2007) for a particular
forest fragment.
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Figure 20: The relationship between Summer tree abundance and honeysuckle
density when. Each point represents the summed abundance over all transects
(2007) for a particular forest fragment.
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Figure 21: The relationship between caterpillar abundance and tree richness when
spring and summer are combined. Each point represents the summed abundance
over all transects (Spring 2007, 2008, and Summer 2007) for a particular forest
fragment, standardized by leaf area.
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Figure 22: The relationship between caterpillar species richness and tree richness
when spring and summer are combined. Each point represents the summed
caterpillar species richness over all transects (Spring 2007, 2008, and Summer 2007)
for a particular forest fragment, standardized by leaf area.
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Figure 23: The relationship between tree richness and fragment area when spring
and summer are combined. Each point represents the summed richness over all
transects (Spring 2007, 2008, and Summer 2007) for a particular forest fragment.
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Figure 24: The relationship between tree richness and honeysuckle density when
spring and summer are combined. Each point represents the summed richness over
all transects (Spring 2007, 2008, and Summer 2007) for a particular forest fragment.
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Figure 25: The relationship between tree abundance and honeysuckle density when
spring and summer are combined. Each point represents the summed abundance
over all transects (Spring 2007, 2008, and Summer 2007) for a particular forest
fragment.
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Community Matrices
Four community matrices were analyzed in PAST using non-metric MDS. There
was a matrix for each season surveyed and one that included both spring seasons. There
were no obvious patterns in the distribution of woodlots in multidimensional community
space related to fragment size or any other apparent characteristics during the spring
seasons of 2007 and 2008. In the summer 2007 season all the fragments were tightly
clustered except for the widely spaced outliers of Wright State University, Breeze
Woodlot, and Fife Woodlot (Figure 26). This was because the Wright State University
fragment contained the gregarious caterpillar Atteva punctella and over 240 individuals
were collected during a single field season. Also, the Breeze Woodlot and Fife Woodlot
did not yield any individuals during this field season. When these two outliers were
removed from the graph, it appeared that fragment community similarity may be related
to size. The combined spring season matrix showed that locality might be driving the
similarity between Wright State University and Huffman because they were clumped
together and everything else was widely spaced (Figure 27).
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Figure 26: Non-metric MDS for Summer (2007) field season showing similarities
using Bray-Curtis. Each point was determined by species composition and
represents a particular forest fragment.
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Figure 27: Non-metric MDS for Spring and Summer (2007 and 2008) field seasons
showing similarities using Bray-Curtis. Each point was determined by species
composition and represents a particular forest fragment.
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DISCUSSION
These results showed that caterpillar abundance and species richness were
significantly influenced by fragment area, landscape forest cover, honeysuckle density,
and their interactions. However, the spring and summer caterpillar faunas did not respond
in the same way to the same variables indicating potential widespread ecological
differences between caterpillars during these two seasons. Also, more factors appear to be
involved in determining the effects on Lepidoptera communities than those indicated
above. Tree species richness and diversity most likely play a role in determining
caterpillar abundance and species richness. Distance from the edge did not affect
caterpillar abundance and species richness.
Caterpillar Abundance and Species Richness in Relation to Fragment Size
Spring caterpillar species richness increased with increasing fragment area, but
only in fragments with low honeysuckle density. This was consistent with the hypothesis
that species richness will increase with larger fragment size and will be negatively
impacted in areas of high honeysuckle density. This may be because specialist species are
unable to feed on honeysuckle and suitable host plants might not be present in the
fragment. Summerville (2004) found significant differences in species composition of
adult Lepidoptera among small and large forest fragments. However, he found that large
and small forest fragments supported similar densities of Lepidoptera. Forest fragments
in the spring field seasons had low ratios of alpha to gamma diversity and there was no
pattern with fragment size. During the summer field season, the ratio of alpha to gamma
diversity was highly variable, although the five largest fragments did have the five
highest ratios. In this study system, it did not appear that habitat diversity was responsible
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for area effects because the ratios were not lower in larger fragments. There was not a
clear pattern of alpha and gamma diversity; therefore differences in diversity are probably
not due to increasing habitat diversity in larger fragments. A study in southern Chile
examined the effects of forest fragmentation on forest species composition and concluded
that fragment area was the most important attribute affecting species composition
(Echeverria et al. 2007). Examining alpha and gamma diversity in more fragments in
southwest Ohio might show a more conclusive result that is consistent with the one found
by Echeverria et al. (2007).
Summer caterpillar abundance and species richness were found to increase with
fragment area only if the landscape forest cover was low. This could be because if the
landscape forest cover was low, there was no where for tree-feeding Lepidoptera to
emigrate to and individuals will then be concentrated within the surveyed fragment. As
the surveyed fragment increased in size, the more total individuals it could sustain, thus
larger fragments had higher caterpillar abundance in the summer. However, caterpillar
abundance decreased slightly with increasing fragment area if landscape forest cover was
large. This may indicate that if there are suitable fragments to emigrate to, individuals
will take advantage of this and not congregate in one place. The relationship between
richness and fragment area was likely not a function of habitat diversity in this study
because the sampling area was standardized and no clear relationship was observed
between fragment size and the ratio of alpha and gamma diversity. This result was
consistent with classic island biogeography theory where only the probabilities of
colonization and extinction are taken into consideration.
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In this study, canopy trees could not be surveyed due to limitations of the
sampling technique. A study by Tovar-Sanchez et al. (2004) suggests that arthropod
communities in the forest canopy and forest understory will react similarly to forest
fragmentation and its subsequent disturbances. They found that arthropod diversity and
abundance were higher on canopy oaks that were in non-disturbed, non-fragmented sites,
which was consistent with what was concluded in this study.
Caterpillar Abundance and Species Richness in Relation to Landscape Forest Cover
Spring caterpillar abundance increased with increasing landscape forest cover in
areas of low honeysuckle. As the amount of landscape forest cover increased, there were
more fragments that could sustain larger populations and therefore adult Lepidoptera
could migrate and lay eggs in the surveyed fragments. This suggests that there was
immigration between the fragments and was consistent with the hypothesis that less
isolated fragments will have higher immigration and will therefore be able to support
more individuals. A study by Martensen et al. (2008) found that well connected
fragments had higher abundances and diversity of birds than less connected fragments
and concluded that connectivity gave birds the ability to exploit multiple fragments, thus
reducing the overall affect of fragment area. Although, another study found that bird
abundance was higher in forest fragments than continuous forests (Vergara and Simonetti
2004). These two studies show that not all species react the same to forest fragmentation
and examining other influences can be valuable. In the current study system caterpillar
abundance increased only in areas with low honeysuckle densities. This was also
consistent with the hypothesis that high honeysuckle densities will have negative impacts
on caterpillar abundance. This might be explained by adult Lepidoptera not being able to
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immigrate into fragments that have high honeysuckle densities because these fragments
were less suitable for Lepidopteran larvae that depend on particular host plants to grow.
The adults would most likely migrate to fragments that were more suitable and had less
honeysuckle and more host plants that could support their larvae.
Spring species richness increased with increasing landscape forest cover in low
honeysuckle density but decreased in high honeysuckle density. More landscape forest
cover allowed for more immigration of adult Lepidoptera and if the fragment was low in
honeysuckle density, it was more suitable for caterpillars. When fragments were high in
honeysuckle, trees were above the shrubs and therefore not accessible by the sampling
method, which could explain the decrease in species richness. Caterpillar abundance also
increased with increasing landscape forest cover in the summer if honeysuckle density
was low. This suggests that individuals will immigrate if suitable areas were available
and that high honeysuckle densities make fragments not a suitable choice in this system.
A study by Schmidt and Roland 2006 found that adult Lepidoptera communities are
significantly affected by surrounding forest, i.e. landscape forest cover. They found that
as surrounding forest increased adult Lepidoptera densities and richness increase, due to
better dispersers being able to respond to the landscape structure, which was consistent
with what we found.
Summer caterpillar species richness also increased with increasing landscape
forest cover in fragments with low honeysuckle density. Honeysuckle may be associated
with lower tree diversity, particularly when considering the younger age classes of trees
that had accessible foliage to sample. Since not all caterpillar species can feed on the
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same host plants, honeysuckle can limit the species that were able to be sustained within
the fragment.
Caterpillar Abundance and Species Richness in Relation to Honeysuckle Densities
Spring caterpillar abundance increased with increasing honeysuckle in small
fragments. This could be because small fragments might not have had a bounty of
suitable host plants for the caterpillars and they were therefore forced to congregate on a
few available trees. This result was not consistent with the hypothesis that high
honeysuckle densities will have negative impacts on caterpillar abundance. This indicates
that in some circumstances honeysuckle could have increased localized densities of
caterpillars on native hosts. As the fragment area decreased and honeysuckle density
increased, the existing caterpillars in the fragment might not have had any other choices
than the few available trees. It was possible that when adult Lepidoptera or caterpillars
had no other options than a small fragment with high honeysuckle densities, that the
honeysuckle’s negative effect on caterpillar abundance diminished. Also, caterpillars that
were able to feed on many different host plants, including honeysuckle, might have had
larger population sizes within fragments with high honeysuckle densities.
In this study, the spring and summer populations reacted differently to each
variable, reflecting their distinct community composition and differences in host
specificity. One major difference between the spring and summer populations is that
spring populations usually contained more specialists where as summer populations were
usually comprised of more generalists species. Summerville et al. (2003) found that
seasonal variation was the most influential factor when determining caterpillar
community composition.
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The Effects of Edges on Caterpillar Abundance, Species Richness, and Honeysuckle
Density
This study tried to examine the effects of edges on caterpillar abundance and
species richness. There were no significant effects of distance to edge for both caterpillar
abundance and species richness. This could be explained by one of two scenarios. First,
edges might not have had an effect on caterpillar abundance and diversity in this system.
This might be because more species could have been located on the edges. Adult
Lepidoptera dispersing among fragments may not have penetrated the interior of the
fragment and therefore laid eggs only along the edge. Generalists that dispersed among
fragments may be more abundant at the edge where higher quality foliage could be
present. If this were the case, most caterpillars surveyed would be on the edge, thus
masking any effects. Also, for this study, only trees that could be effectively searched
were surveyed and perhaps the smaller, younger trees were located on the edges. This
would then result in an artificially large number of caterpillars collected along the edge,
thus masking any edge effects on interior species. The overlap in species of Lepidoptera
found within the first twenty meters of transects and the last twenty meters of the transect
were compared. The results did not allow assessment of whether Lepidoptera species
preferred the edge habitat versus the interior habitat and numbers were low; however
species overlap was quite low between the edge and interior habitats. This could indicate
habitat preference at the species level, which may account for the absence of clear edge
effects. For example, forest fragments, especially small fragments, have been found to
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support different woodland bird species in both the edge habitat and interior habitat
(Dolman et al. 2007).
Second, this survey might not have been deep enough into the interior to quantify
edge effects. Maybe all that was searched was still considered the “edge.” It was been
estimated that 44% of trees in the United States are less than 90m from an edge (Riiters et
al. 2002). Another study by Brazaitis et al. (2005) found that bird communities were
suffering from edge effects up to twenty years after the initial disturbance and the effects
were penetrating deeper into the forest interior over those twenty years. It might be
possible that in some of the surveyed forest fragments, the edge had not been completely
established and therefore effects are difficult to calculate. However, a study by Gignac
and Dale (2005) found that increased light penetration and temperature were only present
up to fifteen meters into the fragment, based on this finding it was not likely that the
interior of each fragment was ignored.
There were also no significant effects of distance to edge for honeysuckle
densities. Honeysuckle might not have demonstrated edge effects for two reasons. First,
maybe only the edge was surveyed during this study and no real effects could be
determined. Second, honeysuckle has been able to successfully invade many fragments in
southwestern Ohio and perhaps there are no longer edge effects for this shrub. It is
possible that the shrub was able to infiltrate all sections of a fragment and was no longer
an edge species. Future studies on these fragments should survey farther into the
fragment, higher foliage, such as the canopy, and the age of the forest fragment should be
examined in order to quantify edge effects.
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Caterpillar Abundance and Species Richness on Host Plants
Caterpillar abundance and species richness varied widely among tree species.
Host plant species did explain a significant amount of the variation in caterpillar richness
among trees but not in caterpillar abundance. Standardized caterpillar abundance was
highest on Fraxinus americana during the spring season, although not significant.
Standardized species richness was highest on Fraxinus americana and Carya ovata when
compared to other host plants during the spring season. For the summer season,
standardized caterpillar abundance was highest on Acer negundo, and all other plant
species contained relatively equal numbers of caterpillars. During the summer season, the
gregarious caterpillar Hyphantria cunea was abundant on their preferred host plant, Acer
negundo, and this caused the spike in abundance on this host plant. Variation in
caterpillar densities and richness among tree species may have been lessened in the
summer season because the community could be comprised of more generalists that feed
on a broad array of tree hosts.
Tree Richness
Fragment area significantly affected tree richness. Echeverria et al. (2007) found
that tree richness was significantly related to fragment area, but also that edge versus
interior habitat played a role in determining richness. This suggested that the larger the
fragment, the more tree species per area it could support. Standardized caterpillar
abundance and species richness increased with increasing tree richness in spring and
summer, although only caterpillar species richness during the summer season was
significant. When the two caterpillar seasons were combined, caterpillar abundance and
species richness were found to increase with increasing tree richness. This suggested that
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the more tree species there were the more caterpillar individuals and species the fragment
could sustain. Tree richness was not significantly affected by honeysuckle densities in
this system which could be contributed to the edge of the stands and the time of
honeysuckle invasion. Also, tree abundance was not significantly affected by
honeysuckle densities.
Community Composition
For each season surveyed, community matrices were compared in order to recognize
patterns between the fragments. The spring 2007 matrix did not yield any obvious
patterns in similarity between the surveyed fragments. The spring 2008 matrix also did
not yield any clear patterns. When spring 2007 and 2008 were combined, the matrix
suggested a strong similarity between the Wright State University fragment and Huffman
Metropark fragment. The relationship could be related to geography, since these two sites
were closer than any of the other fragments. Also, these two sites contained the most
caterpillars found, 84 and 80 respectively. This suggested that there may have been
migration between the fragments or similar forest composition resulting in similar
Lepidoptera community. This was consistent with the findings that caterpillar abundance
and richness increased with increasing landscape forest cover, allowing for increased
immigration. In the summer 2007 matrix, all the fragments were tightly clustered except
for the widely spaced outliers of Wright State University, Breeze Woodlot, and Fife
Woodlot. During the summer season, the Wright State University fragment contained a
gregarious caterpillar Atteva punctella. This species yielded over 200 individuals during
this one season, causing Wright State University to be an outlier. The Breeze Woodlot
and Fife Woodlot did not yield any caterpillars during the summer field season which
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caused it to be an outlier. When these two sites were removed from the matrix, it
appeared that fragment community similarity may be related to size.
CONCLUSIONS
Caterpillar abundance and species richness increased with increasing landscape forest
cover in both field seasons. This suggested that immigration was an important factor in
determining local Lepidopteran communities. This was also suggested in the community
matrices where Huffman Metropark and Wright State University showed a locality
similarity. These two fragments increased the landscape forest cover in the area and thus
increased immigration. For this study system, there were was not an effect of edge on
standardized caterpillar abundance or richness. There was also no effect of edges on
honeysuckle density. These results suggested that either there was no effect of edge or
that only the edge habitat was surveyed and thus masked the true effects. These results
indicated that caterpillar communities of Midwestern forests were affected by complex
interactions between habitat fragmentation and invasive species. The two field seasons
were very different; they were comprised of different species with different levels of host
specificity. Much research remains to be conducted in order to determine the
comprehensive effects of fragmentation on Lepidoptera abundance and richness. First,
more field sites should be studied in order to establish the magnitude and direction of
effects more solidly and control for variation in other unmeasured variables among
fragments. Second, all variables should be looked at more in depth. Landscape forest
cover should be examined to determine land use and fragment shape should be analyzed
to determine edge to interior ratios. Forest fragmentation was a puzzle of effects and
determining just one outcome on Lepidoptera abundance and richness was almost
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impossible. Third, the canopy should be sampled to determine if the sampling method
was effective in determining community composition. Finally, the effects of edges on
Lepidoptera and honeysuckle density need to be examined further into the interior of the
fragments in order to determine if Lepidoptera communities are strongly affected by
habitat edges.
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Honeysuckle Invasion and Arthropod Herbivory: An Experimental Approach
INTRODUCTION
In southwestern Ohio, the most obvious consequences of forest fragmentation are
a decrease in total area of a contiguous forest stand and an increase in its isolation and
amount of edge habitat. This fragmentation is likely to have had strong effects on many
forest dwelling plant and animal species (Collinge 1996; Kitching 2000). In addition to
the direct effects of reduced habitat, isolation, and altered physical conditions, there may
be indirect effects of forest fragmentation. One of those indirect effects is the
establishment of invasive species. The loss of native plant and animal species and the
invasion of non-native species influence the abundance of populations and the diversity
of communities within forest fragments. In Southwest Ohio, honeysuckle (Lonicera
maackii) invades fragments that are disturbed and more connected to one another than in
isolated fragments (Hutchinson and Vankat 1997, 1998). The goal of this study is to
examine how invasive honeysuckle shrubs might be contributing to the effects of habitat
fragmentation on forest Lepidoptera by assessing arthropod herbivory in forest fragments
with sections infested and non-infested by honeysuckle.
Habitat fragmentation in Southwest Ohio has led to increased edges and the
subsequent invasion of Lonicera maackii, Amur honeysuckle (Caprifoliaceae). Gould and
Gorchov 2000 found that honeysuckle is capable of reducing survival and fecundity of
native herbs and forest perennials. Gorchov and Trisel 2003 found that honeysuckle can
inhibit germination and growth of tree seedlings. Despite all the research that has been
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conducted on the invasion of honeysuckle, there has been no investigation of the effects
of honeysuckle on insect communities. Collier et al. (2002) concluded that species
richness of native herb and tree seedlings was lower under the crowns of Lonicera
maackii. This finding can then be applied to forest arthropods. Reduced populations of
arthropod host-plants due to honeysuckle invasion could lead to a decreased abundance
and diversity of arthropods in a given forest fragment. Gorchov and Trisel 2003 found
that the removal of honeysuckle has been shown to increase survival of tree seedlings
which would lead to an increase of host-plants for arthropods, thus increasing their
abundance and diversity within forest stands.
Lonicera maackii invasion might influence forest arthropod communities through
a variety of mechanisms. Such invasion may decrease availability of native trees used as
host of arthropods, particularly young rapidly growing seedlings and saplings (Gorchov
and Trisel 2003). Dense stands of honeysuckle could interfere chemically, visually, or
physically with host location in arthropods. Lonicera maackii could also act as a sink for
eggs of many generalists arthropods, those that can feed on a variety of host plants and
many of the eggs may be unable to develop properly on the alien shrub (Bowden 1971).
This would indicate that associational resistance would be occurring, because a
neighboring plant would be affecting the level of herbivory, by reducing the amount of
herbivory, on the focal host plants (Tahvanainen and Root 1972). The opposite is true for
associational susceptibility. When a neighboring plant increases the level of herbivory on
the focal host plant, then that neighbor has made the host plant susceptible (Karban
1997). Honeysuckle could be a neighbor causing associational resistance because it
could be a chemical or visual barrier and a poor quality host (Morrow et al. 1989). I have
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already found that Lepidoptera abundance on native trees increased with increasing
honeysuckle densities in small fragments (Chapter 1 Discussion). Increases in
abundances could be due to small fragments not having a bounty of suitable host plants
and caterpillars being forced to feed on a few trees. This could be due to honeysuckle
causing associational susceptibility. In this study I examine one of the these potential
effects by testing the hypothesis that within a given forest fragment, areas that are
infested with honeysuckle will have lower arthropod diversity and abundance and
therefore experience less herbivory than areas that are not infested with honeysuckle.
This is to be expected if Lonicera maackii acts as a physical, chemical (olfactory), or
visual barrier within the fragmented areas and thus inhibits accessibility of arthropods to
established trees. This approach will not provide insight into the larger scale effects of
honeysuckle invasion in forest fragments associated with reduced native plant diversity
and abundance because it controls for fragment, but it may provide insight into the more
proximate disruptive effects of honeysuckle on insect communities.
METHODS
Field Experiment
To experimentally determine the effects of honeysuckle on arthropod herbivory,
sugar maple saplings (Acer saccharum) were ordered from Cerny’s GreenHouse in
Wisconsin and planted March 23-24, 2007 within six fragments. Trees were planted at
Englewood Metropark, Aullwood at Englewood Metropark, Huffman Metropark,
Sugarcreek Metropark, Taylorsville Metropark, and Wright State University. The trees
were tagged and numbered and watered every two-three weeks during the duration of the
experiment. Within each fragment, six trees, each 1.8 meters high, were placed in areas
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infested with honeysuckle and six trees were placed in areas not infested with
honeysuckle (e.g., where honeysuckle has not been established or has been controlled and
has less than five 0.5m shrubs). Honeysuckle density was quantified in the honeysuckle
infested areas by adding the number of shrubs present within the deer fence and recorded
(Table 12). In both the infested and non-infested honeysuckle areas, all six trees were
protected by a deer fence. The tree saplings were arranged in a 5 x 7.5 meter grid, with
each sapling 2.5 meters apart (Figure 28). All leaves from all trees within the grid were
collected on September 21, 2007 and arthropod herbivory was measured.
Analyses
Herbivory was quantified using Image J software. Each leaf was measured in
Image J and then the missing sections were hand-drawn and measured to give a pre- and
post-herbivory area measurement for each leaf. In order to quantify the percent leaf
damage per tree, the post-herbivory area was subtracted from the pre-herbivory area and
the difference divided by the pre-herbivory leaf area. Percent leaf damage was divided by
the number of leaves collected per tree to give the average percent leaf damage per tree.
Mean herbivory per site was calculated by adding leaf area pre-herbivory per site and
then dividing by how many trees produced collectible leaves within the site. This was
then repeated for leaf area post-herbivory. Then the leaf area post-herbivory was
subtracted from the pre-leaf area and this gave the mean amount of herbivory per site.
These analyses were conducted in Microsoft Excel (Microsoft Office 2007). Mean
herbivory per tree was analyzed in R Commander using a non-parametric Wilcoxon Rank
Sum Test because the data set violated normality assumptions.
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Table 12: The density of honeysuckle shrubs present at each honeysuckle infested
treatment. Honeysuckle density is the number of shrubs present within the deer
fence.
Site
Englewood Aullwood
Englewood Metropark
Huffman Metropark
Sugarcreek Metropark
Taylorsville Metropark
Wright State University

Honeysuckle Density
16
23
11
14
12
15

7.5

5 meters

Figure 28: Spatial arrangement of trees in blocks within honeysuckle presence and
absence treatments.
RESULTS
Of the seventy two trees planted, forty five died or did not produce leaves during
the experiment (Table 13). A total of 3854 leaves were analyzed for herbivory, although
leaf damage was highly variable among trees within and among sites (Table 13). At
Wright State University, this was probably due to the clay like soil. The trees might have
been packed too tight with the clay soil and therefore suffocated and were not able to
establish and produce leaves. In the honeysuckle non-infested area at Taylorsville
Metropark, the deer fence was knocked down and the lower branches of the saplings
were eaten by deer. In the honeysuckle infested area at Taylorsville Metropark, a large
tree fell across the grid landing on one tree and knocking down the deer fence. At the
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remaining sites, the trees probably died due to a lack of water. There was a drought
during the summer of 2007 and watering could not undo the effects of the drought.
Due to high mortality at all sites except for Englewood, some sites were not
included in the analyses. Wright State University was not included in mean percent leaf
damage per tree or mean herbivory per site because no data were collected. Percent leaf
damage per tree was greatest at the Englewood sites (Figure 29). Percent herbivory per
treatment was greater in honeysuckle infested areas (Figure 30). However, these results
were slightly skewed since the Englewood sites yielded the most trees with the most
leaves and not all sites had the same number of trees in both honeysuckle infested and
non-infested areas. Mean herbivory per tree was analyzed using the Wilcoxon Rank Sum
Test but Wright State University was excluded due to no leaves being collected. Mean
herbivory per tree was found to be marginally significant in honeysuckle infested areas,
p=0.052, mean percent damage/leaf in honeysuckle infested and non-infested areas was
32.62% and 26.86% respectively. When all other sites were excluded from the analysis
except for Englewood Aullwood and Englewood Metropark, mean herbivory was
significantly heavier in honeysuckle infested areas, p=0.002 mean percent damage/leaf in
honeysuckle infested and non-infested areas was 22.74% and 11.43% respectively.
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Table 13: Represents the number of dead trees and living trees in each of the
treatment areas and the number of leaves analyzed per treatment area. Living trees
were considered those that produced leaves.
Site
Englewood
Aullwood
Englewood
Aullwood
Englewood
Metropark
Englewood
Metropark
Huffman
Metropark
Huffman
Metropark
Sugarcreek
Metropark
Sugarcreek
Metropark
Taylorsville
Metropark
Taylorsville
Metropark
Wright State
University
Wright State
University
Total

Treatment
Area

Dead Living
Trees Trees

Number of Leaves
Analyzed

Infested

1

5

771

NonInfested

1

5

1364

Infested

1

5

889

NonInfested

1

5

498

Infested

4

2

20

NonInfested

5

1

53

Infested

6

0

0

NonInfested

5

1

70

Infested

3

3

189

NonInfested

6

0

0

Infested

6

0

0

NonInfested

6
45

0

0

27

3854
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Figure 29: Comparison of percent leaf damage per tree for honeysuckle infested and
non-infested treatments at each site. Values are only for sites and trees that
produced leaves
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Figure 30: Comparison of percent herbivory for honeysuckle infested and noninfested treatments. Values were averaged across all sites that produced leaves in
either treatment. Error bars represent standard error.
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DISCUSSION
Herbivory was marginally significantly greater in areas infested with
honeysuckle when all sites except Wright State University were considered and was
significantly greater in honeysuckle infested areas when only the two Englewood sites
were examined. Although these overall effects were significant, or marginally significant,
leaf damage was highly variable among trees within sites and among sites and
honeysuckle accounted for a relatively small proportion of the variation.
It was initially hypothesized that honeysuckle would act as a physical, chemical,
or visual barrier so that arthropods would not be able to “find” the sugar maples and
therefore would result in lower levels of insect herbivory. However, it was discovered
that heavier herbivory occurred in areas that were infested with honeysuckle. This could
be explained by the idea that the sugar maples were the only suitable food source present
and arthropods were able to take advantage of this host plant.
In the honeysuckle infested sites, most of the other woody trees were either
outside the grid area or very large and it was possible that the sugar maples were
experiencing concentrated herbivory by arthropods. Also, a study by Hartman and
McCarthy (2007) found that canopy trees were significantly affected by honeysuckle
invasion by a reduction in radial and basal area growth. It is possible that the canopy trees
were no longer suitable host plants and arthropods were forced to feed on young saplings
with newly flushed leaves. Trees that have been lightly attacked by herbivores tend to
produce smaller leaves than trees heavily attacked (Mopper and Simberloff 1995), and it
is possible that the canopy trees produced smaller leaves for the arthropods and the new
saplings were an ideal host plant.
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These results were supported by the findings that caterpillar abundance increased
with increasing honeysuckle density (Chapter 1 Discussion). Small fragments might not
have had a bounty of suitable host plants and Lepidoptera were forced to congregate and
feed on a few host plants. By this result it could be concluded that honeysuckle increased
localized densities of arthropod herbivores on native hosts. Although it was possible that
honeysuckle was having a negative effect on abundance and diversity of arthropods but
the concentrated herbivory on the saplings was masking any effect.
The hypothesis states that honeysuckle infested areas will experience lower levels
of herbivory because the shrub would act as a barrier and thus protect the saplings.
However, these results suggested that honeysuckle shrubs might have had a negative
effect on native saplings. These saplings could be in strong competition with honeysuckle
shrubs and could be dealing with concentrated herbivory due to the shrubs. The maple
tree saplings could be dealing with associational susceptibility. Host plants experience
associational susceptibility because of neighboring plants and these neighboring plants
are affecting the level of herbivory that the host plant is experiencing (Tahvanainen and
Root 1972). This susceptibility could be occurring because of the poor-quality
neighboring shrub, honeysuckle (Morrow et al. 1989), and also by generalist herbivores
(Andow 1991). Since this particular experiment did not focus on a particular group of
herbivores and assessed herbivory from all arthropods, it is possible that generalist were
exploiting the saplings because: 1) the saplings were surrounded by lower quality shrubs
and 2) the arthropods did not rely on just one specific host plant.
This experiment must be repeated in order to confirm these results. Unfortunately,
there was a high mortality rate for the saplings and leaf damage was variable among and
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within sites. There might have been a confounding effect of edge. Some grids were
placed directly off a trail and near the edge of the fragment, while others were placed
deep within the fragment. It was possible that this affected arthropod density on the
saplings, although I found no effect of edge on honeysuckle or Lepidoptera abundance
and diversity (Chapter 1 Discussion). An alternative approach to this experiment might
be to have all the grids the same distance from the edge and let the saplings establish for a
couple of field seasons. This would rid the experiment of the confounding edge effects
and could possibly show the long term effects of honeysuckle on arthropod herbivory.
This experiment does not provide insight to the large scale effects of honeysuckle in
forest fragments. However, it does provide insight to the disruptive effects honeysuckle
can have on native tree saplings and insect communities.
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Appendix 1A

A

Appendix 1: A: The relationship between Spring caterpillar abundance and
honeysuckle density, for fragments with small (<0.725 km2) and large (>0.725 km2)
fragment area. Each point represents the summed abundance over all transects
(2007 and 2008) for a particular forest fragment, standardized by leaf area.
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Appendix 1B

B

Appendix 1: B: The relationship between Spring caterpillar species richness and
fragment area, for fragments with low (<4 shrubs per meter on average) and high
(>4 shrubs per meter on average). Each point represents the summed richness over
all transects (2007 and 2008) for a particular forest fragment, standardized by leaf
area.
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Appendix 1C

C

Appendix 1: C: The relationship between Summer caterpillar abundance and
landscape forest cover, for fragments with low (<4 shrubs per meter on average)
and large (>4 shrubs per meter on average). Each point represents the summed
abundance over all transects (2007) for a particular forest fragment, standardized
by leaf area.
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Appendix 1D

D

Appendix 1: D: The relationship between Summer caterpillar species richness and
landscape forest cover, for fragments with low (<4 shrubs per meter on average)
and high (>4 shrubs per meter on average). Each point represents the summed
richness over all transects (2007) for a particular forest fragment, standardized by
leaf area.
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